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THE WEATHER AND CIRCULATION OF OCTOBER 1959 
A Predominantly  Cold, Wet Month in the United States 

ROBERT H. GELHARD 
Extended  Forecast  Section, US. Weather  Bureau,  Washington, D.C. 

1. SOME  FEATURES OF THE  GENERAL  CIRCULATION 

The 700-mb. circulation in  the western  Northern  Hemi- 
sphere  during  October 1959 was characterized  by a com- 
plete cycle in  the  5-day  mean  zonal  index a t  middle  lati- 
tudes. Figure 1 shows that tlle  zonal  index  reached a 
minimum during t-he 5 days  centered  October 5, rose steacl- 
ily to a peak  value of 12.8 meters per second in  the period 
centered  on  October 19, and  then declined  rapidly  again 
to below normal  values  during  the  last week  of the 
month. 

Despite this cycle, the long-wave pattern  remained  re- 
markably  persistent  during  the  month.  The most per- 
sistent feature was the  deep  trough  in  the  central Pacific 
(fig. 2) which  fluctuated  only  slightly  about  its  mean po- 
sition. The l o ~  center in  this  trough moved gradually 
northward  during  the  month  as  the  blocking  which  domi- 
nated the first, or low-index,  half of the month retro- 
graded  from tlre Bering  Sea  to  the  Kamchatka  Peninsula. 
This evolution  is  shown in  figure 3, the 15-day  mean 700- 
mb. circulation for each  half of October. 
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FIGURE l.-Time variation of temperate-latitude  zonal  index 
(average  strength of zonal  westerlies  in  meters per second 
between 36" X. and 55" N.) at 700 mb. from 0" westward  to 180" 
longitude for October 1959. Solid  line  connects  5-day  mean zonnl 
index  values  (computed  three  per  week  and  plotted at middle  day 
of 5-day period),  and  dashed  line  gives  corresponding  normal. 

Figure 3 also  shows that slow eastward  progression of 
the  ridge  near  the  northwestern coast of North America 
and  the  trough clownstream in the  central  United  States 
occurred  from  the first to  the second half of the  month as 
the zonal index increased. More  striking was the change 
in anomalous flow along  the west  coast of North America, 
as shown  by  the  dotted  lines  in  figure 3. The meridional 
character of this flow during  the first half of the month 
was representative of the  northerly  steering  which carried 
very  cold air over  the  Middle  and F a r  West.  By con- 
trast,  in  the  latter  half of the  month  the  northerly com- 
ponent, of the anomalous flow shifted  from  the  area of 
the Continental  Divide  to  the  Mississippi  Valley,  bring- 
ing cold air  into  the  eastern  half of the  United States. 

As might, be expectetl in view of the  persistent long- 
IT:LVH pattern,  the c ~ c l e  i l l  the  zonal  index was largely re- 
lated  to  changes  in  amplitude. Hon-ever, the  rapid in- 
crease in  index  around  mid-month  was  not accompanied 
by rapid progression of the  trough  and its associated cold 
air i n  the  central  United  States. A regional breakdown 
of the Ilemispheric  zonal  index to  include  only  the con- 
tinental  portion between 55" W .  and 125," W .  reveals  little 
change between the  half-montllly  and  full-monthly  in- 
tlices. For this  area  the  mean zonal  index for October 
1-15 was 9.1 n1.p.s.; for October 16-30, 8.8 m.p.s.; and  for 
October 1-30, 9.0 n1.p.s. During tlre first half of the 
nlontll, when the zonal index for the western  Northern 
Hentispllere u-as lowest, the mean index  over  Xorth 
,Ilnerica at, nlidtlle latitudes was highest. It is obvious, 
tllerefore,  that tlle 1 l1a jor  changes  in  the  strength of the 
westerlies  must  have  ocmlrred in  the oceanic  areas. This 
is clearly seen ill the  north\v-ald shift of negative 700-mb. 
11eight anolr~alies  in the mid-Pacific and mid-Atlantic, as 
sho\\-n by the I ~ ~ : I J  nlenn 700-nib. charts (fig. 3) .  

I n  Europe  during October the  general  circulation un- 
derwent, the first p e a t  change since May 1959 when a 
strong blocking High became established oTer the  British 
Isles [l]. For six nlonths 'iOO-mb. heights  areraged above 
normal in nortllrvestern Europe as a center of positive 
anomaly osciI1:tted between southern Sca~ldinavia  and 
Great,  nritain  along the, track  shown  in  fignre 4. 

As a corollary, it 1nay be noted that  during  this period 
tlle Bermuda  portion of the  Atlantic  subtropical  High was 
dominant,  while tlle  ,Izores portion, when evident,  existed 
only at low  latitudes. The result was a predominant 
southerly  wind  component  in  the  eastern  Atlantic, as typi- 
fied by figures 1 and 2A, and  warm  dry  weather  in  the 
British  Isles  and  western  Europe [2]. In   sharp  contrast, 
figure 2B shows the Azores  portion of the  Atlantic  sub- 
tropical High well  above normal  near  Spain  with a strong 
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'FIGURE 2.-Mean 700-mb. height  contours  and  departures from normal (both  in  tens of feet) for October 1959. Deep  mid-Paciflc 
vortex  and blocking  to the  north  were  important factors influencing  North  American  weather. 

band  of confluence between it and the  Icelandic Low. 
This  configuration 'was associated  Il-itll fast westerlies 
across northern  Europe  as shown  by  figure 3R, more in  the 
manner  suggested  by the axis of maximum 700-mb. mind 
speed on  the  normal for October  (given  by  the  dashed 
line in fig. 5). This  change  is more dramatically  high- 
lighted  by  the difference in 700-mb. height  anomaly be- 
tween the first  and second  halves of October,  as  much  as 

. -920 feet  in  the  Norwegian  Sea and t-630 feet  in  the 
t northeastern  Atlantic (fig. 6) .  

It should be noted that blocking  was still a dominant 
feature of the  circulation  at  high  latit,udes  during  the 

second half of October, as  shown by the +310-ft,.  height 
anomaly (fig. 3B) near  Novaya Zemlya. It would  appear 
at first  glance that blocking had merely  progressed  from 
the  Norwegian  Sea.  However,  since  the  migration of 
blocking is  usually a retrogressive process, it is more 
likely that  part of the blocking  in  the  Bering Sea men- 
tioned  earlier (fig. 2A) retrograded  toward  northern 
Russia. It is also  possible that  this blocking  surge was 
enhanced  initially by \\-\-arm air advection  from  the  north- 
eastern  ,Mantic  into  the  Arctic  during  the  first half of 
the  month. 
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FIQURE 3.--Fifteen-day mean 700-mb. height  contours  and de- 
partures  from  normal  (both  in  tens of feet) fo r  (a) October 
1-15, 1959, and (B)  October 16-30, 1959. 

2. WEATHER IN  THE  UNITED  STATES 
TEMPERATURE 

The  temperature  regime  over  the  contiguous  States 
of the  United  States  during.  October 1959 was character- 
ized by a slow eastward  migration  in  the  anomaly  pic- 
ture  throughout  the  month,  as  highlighted by  a  series  of 
weekly temperature  anomaly  maps (fig. 7). These ~ 1 1 0 ~  
a  more or less uniform  advance  as  colder  than  normal 
air masses invaded  farther  eastern  positions  with  a  guad- 
ual increase in  temperature  anomaly  in  the  West  and  a 
decrease in  the  East. Below  normal  temperatures  pre- 
vailed throughout  most of the  month  in  the  central  half 

FIOURE 4.-Position ana intensity of 30-day mean  center of posi- 
t i re  7W-mb. height  anomaly  over  western  Europe  from May 
to  October 1959, including  15-day  mean  anomalies  for October. 
Sumber in square is the height anomaly in tens of feet for the 
month  indicated below it. 

of tlra nation. I n  the Far West  the  increase  in  tempera- 
ture  to  the degree shown  in  figure 7D was associated with 
persistent  anticyclonic  conditions  aloft  in  that  area.  After 
the  initial  polar  outbreak (fig. 7A), Pacific anticyclones 
mere dominant  as  the 7OO-mb. ridge-trough  system (fig. 
3) moved slowly eastward,  bringing  warm  air masses in- 
t,o the  West  and cold polar  air  progressively  farther east. 

I n  the  central  and  eastern  parts of the  country  the ab- 
normally cold weather was related  in  part  to  the unusually 
cold air mass  source  region  near  Hudson  Bay.  Although 
mean  700-mh. heights mere  only slightly below normal in 
this  area,  the  thickness of the  layer between 1000 a,nd 700 
mb. averaged  considerably below nornlal  for  the month 
(fig. 8). I n  addition,  in  the  eastern  half of the  country, 
the  maximum  westerlies mere well south of their normal 
position (fig. 5),  allowing  migratory cyclones to  intro- 
duce  frequent  outbreaks of polar  air  from  central  Canada. 
Note how perturbations  from  the  Pacific (fig. 9) were 
steered  around  the  periphery of the cold dome,  generally 
following  a  path  just  north of the  axis of maximum 700- 
mb. mind  speed (fig. 5).  

The  pattern of 700-mb. height  departure  from  normal 
for  the  month (fig. 2) appears well correlated  with  the 
monthly  mean  temperature  anomaly  pattern (fig. lOA), 
except in  the  East  and  Southeast  where  heights were 
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FIGURE 5.-Mean 700-mb. geostrophic  wind  speed  (meters  per 
second) for October 1959. Heavy  solid  lines  indicate  primary 
axis of 700-mb. jet stream,  and  thin,  dashed  lines  the  normal 
October  po’sition. “F” and “S” designate  wind  speed  maxima 
and  minima.  Note  the  secondary  jet  around the polar  vortex 
indicated by the heavy,  dashed  arrow. 

slightly below normal  but  temperatures above  normal. 
However, this  apparent discrepancy  can be related  to  the 
southerly  anomalous flow, advecting  warm  air masses from 
the Gulf of Mexico intermittently  throughout  the  period. 

Locally,  October  proved  to be a  month of extreme 
weather throughout  the  contiguous  United  States.  Early 
in the  month,  while  the  Middle  and F a r  West were  estab- 
lishing  low temperature  records  for  early  fall,  daily rec- 
ords for  maximum  temperatures n-ere  being  broken from 
the Ohio  Valley to New England (fig. 7A).  In  the cen- 
tral  portion of the  country,  where below nomrmal tempera- 
tures  persisted  throughout  the  month,  Milwaukee,  Wis. 
had its second  coldest  October on  record,  a,nd  Topeka, 
Ka,ns. reported  the colde’st  October in 35 years. By the 
end of the  month new daily  minimum  records were being 
established in  the  Northeast (fig. 7E) while  many new 
daily maximum  records, in excess of  90 degrees,  were 
reported in  Arizona, New Mexico,  Nevada, and  California. 

PRECIPITATION 
Precipitation was normal or above throughout  the coun- 

try  except  in  California  and  Nevada,  where  little o’r  none 
fall (fig. 10B). Light precipita,tion  fell  in a belt  from 
Washington  and  Oregon  eastward  to  South  Dakota.  Sub- 
sidence  associated with  persistent  anticyclonic  condit,ions 
and  maintenance of a  sto’rm  track well to  the  north com- 
bined to  produce  the  record  dryness in California  and 
Nevada and resulted in  an ext,ension of the  forest fire 
season. Several fire,s  were raging  near  Eureka,  Calif.  at 
the  end of the  month. 

FIGURE 6.-Change in  700-mb. height  anomalies  (tens of feet) 
from  October 1-15 to  October 1G30, 1959. Areas of greatest 
change  were  in  northern  Pacific  and  western  Europe, m-here 
relaxation of blocking  occurred. 

Most of the excess precipit,ation  occurred  along  the 
slowly  moving boundary of sharply  contrasting  air masses, 
particularly  in  the  southern  Great  Plains  and  the 
Southeastern St.ate,s. The  quasi-stationary  character of 
much of the  frontal  activity  involved is shown by figure 
11, the  number of days wit,h fronts  during  the month. A 
line  connecting the maxima, from  the  northern  Great 
Basin  southeastward  through  Texas  to  the Gulf of Mex- 
ico and  then  nort.heastward  to  southern New England, 
outlines  the  mean  bo’undary of the cold  air. I n  addition, 
two tropical  storms  contributed  additional  rainfall  from 
Florida  to  North  Carolina,  causing  extensive flooding in 
the  Carolinas  where  general  rains  had  already produced 
considerable  amounts. 

When one  considers that Octo’ber is  norlnally a fair, 
dry  month for most of the  United  States,  the  precipitation 
records  established become more  spectacular.  Record 
amounts of precipitation in Texas,  Oklahoma,  and  Kansas 
ranged  from 11.38 inches at  Dallas,  Tex.  to 6.37 inches at 
Concordia,  Ka,ns. From New Orleans, La.. to Norfolk, 
Va., precipitation  records  for  October were  broken.  Rep- 
resentative  amounts  which  set new records are 12.09 inches 
at  hpalachicola,  Fla.  and Columbia, S.C., 9.60 inches at 
Greensboro,  N.C., and 9.39 inches at  Macon,  Ga. 

I n  southern New England record  daily  precipitation, 
such  as 4.45 inches  at) Hartford, Conn. on  October 23-24, 
was responsible for flood conditions  on  the  Connecticut 
River.  As  in New England,  frontal  rains  set new precip- 
itation  records for  October a t  Marquette  and  Sault  Ste. 
Marie, Micll., and  near  re’cords at  Milwaukee,  Wis.  and 
Det,roit,  Mich. 
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3. TROPICAL  STORM  ACTIVITY 
ATLANTIC 

Three  tropical  storms developed during October  in 
widely scattered  areas,  one  east of the  Leeward  Islands, 
one in  the  central  Gulf of Mexico, ancl one  in  the \T-estern 
Caribbean  Sea. Their  tracks  are  shown  in  figure EA.  

The  major  storm,  Hannah,  first observed  nea,r 21" N., 
57' W. on September 29, moved rapidly northmestxvard 
to  about 200 miles west of Be'rmuda  by 0000 GMT of Octo- 
ber 2. It then  recurved,  following  a path  around  the 

FI(:UIW T.-rkparture from normal of average  surface tempera- 
ture ( '  &'.) for weekly periods ending ( A )  October 4, (B) Oc- 
tober 11, ( C )  October 18, (D)  October 25, and (E)  November 
3 ,  IXj!). (F'rom Tl'tc~I;ly Tlrcwther und Crop Bulletin, National 
St~wnlc t ry ,  rol. SLTI, Xos. 4644, Oct. 6, 12, 19, 26, N ~ v .  2, 
19.79. ) 

periphery of t,he  nlenn subtropical  High (fig. 3 A )  in the 
central  Atlantic.  IIannah's most distinguishing feature 
was that it retained  its  tropical  circulation for 9 days in 
a long  trajectory across the  central  Atlantic  to  the Azores 
before  be,coming extratropical. 

Tropical  storm  Irene,  first cletacted in  the  central Gulf 
of Pllesico on  October 7,  was of very  short  durat,ion and 
rnigllt  not  have been of completely tropical  origin. It 
seems to  have developed in an  area of cyclonic shear on 
a stationary  front  extending from Illinois  to  the central 
Gldf of Mexico. Simultaneous  with  the  origin o'f Irene 
WRS the development, of a deep  Colorado Low which 
brought a fresh  outbreak of polar  air  into  the  lower Mis- 
sissippi  Valley. This reduced Irene t.o a weak  extra- 
t,ropical  wave  on  the  polar front  within 48 hours, but not 
before it had  produced heavy rains,  particularly  in  north- 
western Florida and in Georgia. 

Tropical  storm  Juclith was first detecte,d as  a tropical 
depression  between  Yucatan  and Cuba  on  October 17. 
According  to  Haggard [3] and others,  there  is a definite 
rrlaximum of tropical  storm  development  in  the western 
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FIGURE 8.-Departure from normal of mean  thickness (1000-700 
mb.) for  October 1959, with  subnormal  values  shaded.  Isoline 
interval is W feet,  and  centers  are  labeled  in tens of feet. 

FIGURE 9.-Frequency of cyclone  passages  (within 5" squares at 
45" N.) during  October 1959. Well-defined cyclone  tracks  are 
indicated by solid  arrows. 

D * 
FIGURE Il.-Xumber of days  in October  1959 with  fronts of ally 

type  within  unit  squares  (with  sides  approximately 500 miles). 
All  frontal  positions are taken  from DuiZy I17eather Map,  1:OO 
p.m., EST. Areas  with  fronts  on 15 or more  days  are  stippled. 
Quasi-stationary  fronts  were  frequent  in  the  Great  Basin  and 
the  northeastern Gulf of Mexico. 

FIGUKE lo.-( A )  Xonthly  mean  surface  temperature  departure 
from normal ( F.), and (B)  total  precipitation  (inches), both 
for  October 1959. (From W e e k l y  Weather an& Crop Bulletin, 
X w t i o m l  Xumnzarv, vol. XLVI, No. 44, Nov. 2,1959.) 
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4 rROP/CAL STORM 

FIGUFCE 12.-Tropical storm  activity  during  October 1969 in  (A) 
Atlantic  and (B) western Pacific. All  positions are for 0000 
CMT on  the  date  indicated  except  for  those  marked. 

Caribbean in October. It therefore seems  likely that 
Judith existed in some stage of development in  the west- 
ern  Caribbean  before  its officia,l discovery in  the  Yucatan 
Channel. Judith  might  have developed into a  destructive 
hurricane had  not  the  westerlies  penetrated so’ far  south 
(fig. 2B). Judith b’rie’fly attained  hurricane  intensity, 
filled as it crossed southern  Florida,  and  then deepened 
again  in  the  Atlantic (fig. 12A). It filled  east of Bermuda 
on  October 22 when it came under  the influence of a large 
polar anticyclone. Wind  damage mas s’light  in  southern 
Florida,,  but,  as  in  t.he case of Irene,  heavy  rains caused 
some  flood damage in  the  Lake Okeechobee area. 

PACIFIC 

I n  the western  Pacific four  tropical  storms were ob- 
served,  two of which  attained  typhoon  intensity.  Three 
of these  storms  threatened  the  southern coast of Japan, 
but  the westerlies  were close to  their  normal posit’ion (fig. 
5) and  farther somuth than  in September,  when  typhoon 
damage was  very  heavy [2]. As a  result, the damaging 
effects of 0ct.dber’s  storms  were  decreased  as  they weak- 
ened and became extratropical off the  east coast of Japan 
(fig. 12B). 

The  tracks of these  storms  shown  in  figure  12B were 
all closely related  to  the mean trough position  (fig. 2) 
from Korea  to  the  Philippines. &an conditions over 
the western  Pacific  were favorable  to  tropical  storm de- 
velopment; i.e., the  subtropical  ridge was  st.ronger  than 
norn~al (fig. 2) and the  easterlies were  more than 4 m.p.s. 
above normal  (not shown). Conditions for recurvature, 
as discussed by Hawkins [4], were favorable  throughout 
the  month (figs. 2, 3)  and  helped define the mean storm 
track. It is  interesting  to  note that only  those  tropical 
storms  originating  in  the  easterlies,  Charlotte  and  Dinah, 
developed to  typhoon  intensity. 

A discussion of October’s tropical  storm  activity 11-odd 
not, be complete without  mention of the  destructive storm 
that  struck  the west coast of Mexico near Manzanillo, 
causing  widespread  damage  from  heavy  rains,  high ti,des, 
and flash floods. Unfortunately, all analyses of this 
st,orm  must be deduced from  scattered  ship  reports.  This 
storm  appears  to  have  originated as ,a  tropical depression 
about 250 miles  south of the Gulf of Tehuantepec on 
October 22. It then moved slowly northwestward and 
deepened until  it reached  hurricane  intensit,y  just south 
of Manzanillo on the 27th, before  moving  inland and 
filling on the  28th.  Here,  as  in Japan  in Sept,ember [2] 
and in  other cases of severe loss of life  from  tropical 
storms [5], destruction  from floods and disease  was far 
greater  than  that  from  hurricane winds. 
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